It has been reported that star fruit can lead to a fatal outcome in uremic patients. The intoxication syndrome consists of hiccups, mental confusion, dizziness, and vomiting. On the other hand, folk medicine uses teas and infusions of carambola leaves to treat headache, vomiting, cough, insomnia, and diabetes. This motivated us to determine if Averrhoa carambola can act on the contractility and automaticity of the guinea pig heart. We measured the atrial isometric force in stimulated left atria and determined the chronotropic changes in spontaneously beating right atria. The carambola leaf extracts (1.5 mg/ml) abolished the contractile force in a concentration-dependent manner. Among the crude, methanolic, ethanolic, aqueous, and acetic extracts, the aqueous one was the most potent (EC 50 = 520 ± 94 µg/ml; flavonoids and tannins are the main constituents; Na + and K + contents in 1.0 mg/ ml of aqueous extract were 0.12 ± 0.016 and 1.19 ± 0.15 mM, respectively). The aqueous extract abolished the positive Bowditch staircase phenomenon and reduced the inotropic response to CaCl 2 (0.17-8.22 mM), events that are dependent on the cellular Ca 2+ inward current. The adrenergic, muscarinic or opioid membrane receptors do not seem to participate in the mechanism of action of the cardioactive substance(s). In spontaneously beating atria, the aqueous extract promoted a negative chronotropic effect that was antagonized by 0.1 µM isoproterenol bitartrate. With this agonist, the EC 50 of the aqueous extract increased from 133 ± 58 to 650 ± 100 µg/ml. These data regarding the effect of A. carambola on guinea pig atrial contractility and automaticity indicate an L-type Ca 2+ channel blockade.
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Introduction
Averrhoa carambola L. (star fruit, 'carambola' in Brazil) is a plant of the Oxalidaceae family. Originating from Asia, it can be found widely spread in tropical countries. In Brazilian folk medicine, its fruit, juice or tea prepared from its leaves, has been used for treating headache, vomiting, cough, insomnia, hypertension, and diabetes (1) (2) (3) (4) (5) . The literature reports that uremic patients develop severe and acute intoxication after eating carambola or drinking its juice, with intractable hiccups, sudden onset of limb numbness, muscle weakness, consciousness disturbance, and seizure (6, 7) . These neurological events can be treated only by submitting the patients to hemodialysis. In spite of this therapeutic effort, many cases show a poor outcome which result in death (8) (9) (10) . A water-soluble neurotoxin was isolated from star fruit (11) . This protein induced convulsion in rats by acting on Lglutamate release, as demonstrated in synaptosomes prepared from the rat cerebral cortex (8) . These clinical and experimental effects motivated us to test some of the A. carambola extracts on the mammalian heart because folk medicine extensively uses teas and infusions obtained from carambola leaves.
The objective of the present study was to investigate the myocardial effects produced by A. carambola leaf extracts on left atrium contractility and automaticity of spontaneously beating isolated guinea pig right atria.
Material and Methods

Extract preparation
Averrhoa carambola leaves were collected on the campus of the Federal University of Sergipe (Brazil) from healthy and agrotoxicfree plants. The botanical identification was performed by comparing the vegetal parts with those deposited in the Herbarium of the Federal University of Pernambuco, Brazil (Voucher No. 24,720). The crude extract was obtained by macerating dry leaves in a water:ethanol mixture (6:4, v/v) for 10 days at 27 ± 3ºC. The solvents were then filtered and evaporated in a rotary evaporator (Tecnal TE 210, Piracicaba, SP, Brazil) and a crude extract was obtained. Several extracts were also obtained by submitting another set of dry leaves to a hot extraction with hexane, chloroform, acetone, ethanol, methanol, water, and acetic acid using a Soxhlet apparatus. Each extract was concentrated in a rotary evaporator and stored at 27 ± 3ºC in a dry environment. The water-insoluble residue of each extract was determined to permit correct adjustment of the extract concentration in the organ bath.
Phytochemistry screening
The phytochemistry screening was performed on the A. carambola aqueous extract (AEx) according to the techniques proposed by Domínguez (12) .
Measurement of Na + and K +
The Na + and K + contents of the AEx were determined by flame photometry (Instituto de Tecnologia e Pesquisa de Sergipe, Governo do Estado de Sergipe, Aracaju, SE, Brazil).
Aqueous extract fractionation
Five grams of the AEx was loaded on a 4 x 80 cm silica gel 60 chromatographic column (Sigma-Aldrich, St. Louis, MO, USA). The column was eluted with a mixture of methanol and water with increasing polarity (100:0, 95:5, 90:10, 80:20, 50:50, and 0:100, v/v).
Inotropic effect of Averrhoa carambola
The contractile force of the extract was evaluated in the guinea pig isolated left atria. Animals of both sexes (300-500 g) were sacrificed by a blow applied to the base of the skull. The heart was removed and the left atrium was mounted in an organ chamber where it was bathed with modified Tyrode solution (5 ml) of the following composition: 137 mM NaCl, 5.0 mM KCl, 0. 
Determination of the relative potencies of the extracts
To determine the EC 50 (concentration needed to produce 50% of the maximum effect) of each A. carambola extract, the force amplitudes obtained with different extract concentration in the organ bath were fitted by curves calculated by the HillLangmuir equation:
where: E = effect of the extract on the contractile force amplitude; E max = maximum effect of the extract on the contractile force amplitude; C = extract concentration in the organ bath; EC 50 = extract concentration needed to produce 50% of the maximum effect; n = Hill constant.
Averrhoa carambola vs membrane receptors
To determine whether opioid, muscarinic or ß-adrenergic membrane receptors could be involved in the mechanism of action of A. carambola, the inotropic effect produced by the AEx was tested in artificially paced guinea pig left atria both in a control situation and after blocking each one of the specific membrane receptor. For this procedure, the following drugs were added to the organ bath: 1.5 µM atropine sulfate, 0.7 µM propranolol hydrochloride, or 120 µM naloxone hydrochloride.
Chronotropic effect of Averrhoa carambola
To test the effect of the extract on the atrial pacemaker activity, some experiments were carried out in spontaneously beating guinea pig right atria. The biological preparations remained immersed in a modified Tyrode solution (13) . The preparation, previously stretched to a resting tension of 5 mN, was maintained at 27 ± 0.1ºC. The atrial rate was determined by measuring the interval between successive contractions. For this procedure, fifty contractile force curves were processed with the EG1v1 software. Concentration-response curves for the A. carambola AEx (0.005 to 1.6 mg/ml) were obtained in a control situation or after adding 0.1 µM isoproterenol bitartrate to the bath.
Averrhoa carambola vs inward Ca 2+ current
The cellular inward Ca 2+ current was studied using the Nayler and Merrillees protocol (14) applied to guinea pigs reserpinized 
Determination of oxalic acid
The Hodgkinson colorimetric method modified by Rassi and Damas (15) was used to determine the oxalic acid content in 1.0 mg/ml AEx of carambola.
Statistical analysis
Data are reported as means ± SEM. The Student t-test for unpaired data was used to determine differences between means. The results were considered to be statistically different when P was less than 0.05 (Statistica for Windows, Tulsa, OK, USA).
Drugs
The following drugs were used: 1.5 µM atropine sulfate, 0.3 µM acetylcholine chloride, 0.7 µM propranolol hydrochloride, 1 µM and 0.1 µM isoproterenol bitartrate, 120 µM naloxone hydrochloride, and 5 mg/kg reserpine. Drugs were purchased from Sigma-Aldrich, except naloxone (Rhodia Farma Ltda., São Paulo, SP, Brazil) and reserpine (kindly supplied by Laboratório Gross S.A., Rio de Janeiro, RJ, Brazil).
Results
The yield of each A. carambola extract (g/100 g of dry leaves) was: crude (15.0), hexane (2.36), chloroform (1.75), acetone (5.16), ethanol (13.4), methanol (2.92), aqueous (7.8), and acetic acid (18) . Figure 1 shows the negative inotropic effect produced by the A. carambola crude extract on the guinea pig left atrium. The effect, clearly dependent on extract concentration, disappeared when A. carambola was removed from the bath (washout).
To calculate the relative potency of the A. carambola extracts, the atrial force-concentration data were fitted with Hill-Langmuir curves. The results showed that the AEx was the most potent (EC 50 = 520 ± 94 µg/ml, N = 4, 10 trials, Hill constant = 3, P < 0.001 when compared to the ethanol, methanol, acetic acid, or crude extract). The following results were obtained for the remaining extracts: ethanol (EC 50 = 700 ± 65 µg/ml, N = 3, Hill constant = 2), methanol (EC 50 = 1200 ± 171 µg/ml, N = 3, Hill constant = 3), acetic acid (EC 50 = 1400 Flame photometry revealed that the Na + and K + contents of the AEx were 0.12 ± 0.016 mM and 1.19 ± 0.15 mM, respectively. To determine whether this K + concentration could be responsible for the negative inotropic effect of AEx, some experiments were carried out by progressively increasing the K + concentration in the bath from 5 to 7 mM and the atrial force was measured. This concentration range was chosen because the maximum depressant effect of AEx was reached when it was concentrated at 1.5 mg/ ml in the organ chamber. This concentration increased the potassium content of Tyrode solution from 5 to 6.78 mM. In the presence of 7 mM K + , the atrial force amplitude decreased by only 10%. This change is not compatible with the negative inotropic effect of the AEx because when the extract was used at 1.5 mg/ml -which is equivalent to a total K + concentration of 6.78 mM in the bath solution -the atrial force decreased by more than 99% of its control value.
To determine the possible involvement of membrane receptors in the negative inotropic effect of A. carambola, experiments were performed by using a fraction (FAEx) obtained by eluting the AEx with a 1:1 methanol:water (v/v) mixture through a silica gel 60 column. This FAEx was more potent than the carambola AEx (EC 50 = 140 ± 7 µg/ ml, N = 3, 5 trials, P < 0.001), suggesting that 5 µM) ; B, propranolol hydrochloride (Prop, 0.7 µM), or C, naloxone hydrochloride (Nx, 120 µM), although blocking the muscarinic, ß-adrenergic and opioid receptors, respectively, did not modify the depressor effect produced by the Averrhoa carambola aqueous fraction (FAEx, 0.6 mg/ml), suggesting that none of them participate in the mechanism of action of this extract on the guinea pig atrium. ISO: isoproterenol bitartrate (1 µM); Ach = acetylcholine chloride (0.3 µM; 27 ± 0.1ºC, stimuli: 2 Hz, 400 V, 0.5 ms).
the active principle was concentrated in it. The inotropic effect of FAEx was determined both in the control solution and after blocking membrane receptors. Since the contractile effect remained unchanged after the receptor blockade (Figure 3) , we assume B C Figure 2 . Hill-Langmuir curves constructed to determine the relative potency of aqueous (squares) and crude (triangles) Averrhoa carambola extracts. The extracts were aqueous (EC 50 = 520 ± 94 µg/ml, Hill constant = 3, N = 4 atria, 10 trials) and crude (EC 50 = 1400 ± 283 µg/ml, Hill constant = 2, N = 8 atria, 14 trials). The experiments were carried out in guinea pig left atria (stimuli: 2 Hz, 400 V, 0.5 ms; 27 ± 0.1ºC, resting tension: 10 mN). The EC 50 were significantly different (P < 0.
001, paired Student t-test).
A that none of them mediated the negative response promoted by FAEx (Figure 4 , N = 3 atria). Figure 5 depicts the Bowditch phenomenon obtained with the Nayler and Merrillees protocol. In this case, the stimulation rates were: 0.2 Hz in the control, 1.66 Hz during the overdrive, and 0.2 Hz after the stimulation pause. The upper panel shows that during the overdrive the atrial force increased from 5.25 to 9.5 mN (atrial force overshoot equal to 80.9%). The middle panel shows the result obtained after adding 1.0 mg/ml of AEx to the bath. Note that, during overdrive, instead of an atrial force overshoot, a slight decrease in atrial force (13.5%) from 3.7 to 3.2 mN was observed. This effect, however, disappeared during washout (lower panel) and the Bowditch phenomenon was restored to its control behavior (from 4.1 to 8 mN, 95.1% of the control atrial force). Figure 6 shows that, insofar as the overdrive rate was increased from 0.2 to 1.66 Hz (N = 3 hearts, 27 ± 0.1ºC), the atrial force overshoot progressively increased to 84% (control solution). When the overdrive rate was increased with AEx (1.0 mg/ml) in the bath, the atrial force, instead of increasing, decreased by about 16%. Nevertheless, this effect was not dependent on the stimulation rate applied. These effects rapidly disappeared during washout and the preparations recovered their control contractile ability.
The inotropic effect induced by cumulative addition of CaCl 2 (0.17 to 8.22 mM) to the organ bath fluid is depicted in Figure 7 . AEx caused both a progressive shift of the log concentration-response curve for CaCl 2 to the right and a reduction of the maximum effect of the AEx (2.0 mg/ml) from 100 to 64 ± 8%. In the control solution the EC 50 of CaCl 2 was 1.7 ± 0.3 mM but with AEx at concentrations of 1.2 and 2.0 mg/ml, the EC 50 changed to 4.2 ± 0.4 and 7.2 ± 0.9 mM, respectively (P < 0.05).
In the spontaneously beating atria, AEx promoted a negative chronotropic effect that 5 mN (80.9%) . B, Atrium submitted to 1.0 mg/ml AEx. In this case, during overdrive, the atrial force declined from 3.7 mN to 3.2 mN (13.5%). C, Atrial force behavior during washout. In this experimental phase, the atrial force increased from 4.1 to 8 mN (95.1%) when the preparation was in overdrive. The experiment was carried out at 27 ± 0.1ºC (stimuli: 0.2 or 1.66 Hz, 400 V, 0.5 ms). was dependent on the extract concentration (Figure 8 ). At the maximum effect, which was obtained with a concentration of 1.6 mg/ ml, the spontaneous atrial rate decreased by about 99% (P < 0.001, N = 4 atria, 5 trials), leading some preparation to complete asystole. By adding isoproterenol bitartrate (0.1 µM) to the organ bath, the concentrationeffect curve was shifted to the right, its EC 50 increased from 133 ± 58 to 650 ± 100 µg/ml (P < 0.001, N = 4 atria), and the relative efficacy decreased from 100 to 33.4 ± 14% (P < 0.001, N = 4 atria). Points are means ± SD of 6 atria (14 assays). Triangles: control; squares: 1.2 mg/ml aqueous extract; circles: 2.0 mg/ml aqueous extract. Concentration-response curves were significantly shifted to the right (*P < 0.05, paired Student t-test) and the relative efficacy decreased from 100 to 64 ± 8% (27 ± 0.1ºC, 1.5 Hz). Figure 8 . Concentration-response curves for the negative chronotropic effect promoted by the aqueous extract (AEx) of Averrhoa carambola in the absence (EC 50 = 133 ± 58 µg/ml) or in the presence of 0.1 µM isoproterenol (ISO, EC 50 = 650 ± 100 µg/ml). With ISO, the concentration-response curve was shifted to the right (*P < 0.01, paired Student t-test)) and the relative efficacy decreased from 100 to 33.4 ± 14%, P < 0.01 (27 ± 0.1ºC, N = 4 atria, 5 trials).
Discussion
The results presented here demonstrated that A. carambola promotes a decrease in cardiac contractility in the guinea-pig atria. This effect was observed when using the crude, ethanol, methanol, or acetic acid extracts. The AEx was the most potent, indicating that active substance(s) is(are) water soluble and polar. Despite the well-defined negative effect of A. carambola on myocardial contractility, the atrial force promptly recovered to control values during washout.
In heart muscle, stimulation of opioid (µ, κ, and δ) or muscarinic (M 2 ) receptors may mediate a reduction in cardiac contractility (16) (17) (18) (19) , a result that can also be obtained by activating the ß 3 -adrenoceptor. This effect involves the nitric oxide synthase pathway (20, 21) . In spite of these possibilities, our results showed that neither the opioid nor the muscarinic or adrenergic receptors seem to participate in the inotropic effects of AEx because no changes were observed in the atrial contractile response after the atrium had been treated with opioid, muscarinic or adrenergic antagonists.
It is well known that in cardiac muscle the higher the stimulation rate, the stronger the atrial forces. The mechanism underlying this process is an enhanced Ca 2+ membrane influx (10) . In contrast, however, when AEx was added to the bath, the Bowditch positive staircase phenomenon disappeared and furthermore during the stimulation overdrive the atrial force remained 16% below the control amplitude value. This huge change strongly suggests that the AEx could be acting on the guinea pig atrium by blocking the membrane L-type Ca 2+ channels.
In the spontaneously beating atria, AEx produced a concentration-dependent negative chronotropic effect. It has been well established that the slow diastolic depolarization, which can be observed between two successive action potentials of pacemaker myocardial cells (e.g., sinoatrial cells), is a phenomenon that, according to Lipsius et al. (22) , involves several kinds of membrane ionic currents such as: 1) a slow inward Na + current, I f , the so-called 'funny current' that is induced by cell hyperpolarization, 2) a temporal decrease of the outward K + current due to a time-dependent decay of the membrane K + conductance, 3) a low background K + outward current, 4) an inward Na + /Ca 2+ exchange current, and 5) an inward T-type and L-type Ca 2+ current. The individual contribution of these currents to the pacemaker functioning is, however, controversial. To decrease the atrial rate, as in fact the A. carambola extract does, one or even many of these currents should be altered. It seems less probable that I f could be involved with the extract mechanism of action because intracellular recordings of the cardiac cell transmembrane potential showed a slight depolarization (10 mV) when 500 µg/ml of crude extract was added to the extracellular medium (data not shown). Thus, the effect of A. carambola does not seem to be related to an acetylcholine-like mechanism because, if this were the case, an increase of the outward K + current would occur, leading to cellular hyperpolarization. Apart from the electrical change, this mechanism also appears to be an implausible hypothesis since blockade of the muscarinic receptors did not interfere with the effects of the extract. Supporting this assumption, we observed that the AEx increased the electrocardiographic QT interval in isolated hearts (data not shown). This result suggests that the extract may, in fact, block some of the membrane K + channels, an effect opposite to that of acetylcholine.
The Na + /Ca 2+ exchange can either extrude Ca 2+ (as an inward I Na/Ca current) or bring Ca 2+ into the cell (as an outward I Na/Ca current) (23) . The inward current of the Na + / Ca 2+ exchanger is an important event for generating the pacemaker action potential. Unfortunately, we have no data to conclude precisely about the importance of such current on the mechanism of action of A. carambola.
Isoproterenol, a ß 1-2 adrenergic agonist, was able to antagonize the negative effect of the AEx on atrial chronotropism. This suggests that the inward Ca 2+ current through the T-type and L-type channels could be an important target for the myocardial changes promoted by A. carambola, especially those related to the atrial pacemaker mechanism. This hypothesis is supported by the fact that the extract strongly inhibits the Bowditch positive staircase, a phenomenon that is known to be dependent on the cellular Ca 2+ influx through the L-type membrane Ca 2+ channels (24) . The rightward displacement of the CaCl 2 produced by the AEx also suggests that the calcium inward current is reduced by the action of the extract on the myocardium. The Ca 2+ inward current is a crucial element for the excitation-contraction coupling due to its pivotal importance for triggering Ca 2+ release from the sarcoplasmic reticulum, the so-called Ca 2+ -induced Ca 2+ release (25) .
According to the Napralet™ data base (Natural Products Alert, College of Pharmacy, University of Illinois, Chicago, IL, USA), many substances have been isolated from and identified in A. carambola. Among them there are four flavonoids (chrysanthemum, cyanin, isoquercitrin, rutin) isolated from flowers, and several terpenoids (sesquiterpenes, monoterpenes, and one triterpene, i.e., lupeol) isolated from fruit and bark. Gentisic acid and some alkaloids were isolated from the leaves of the plant. Unfortunately, there is no report dealing with the effect of these substances on heart tissue. Some papers have reported that carambola fruits are rich in oxalates. However, in 1.0 mg/ml of leaf carambola AEx we could only find 21 µg/ml of oxalic acid. At this low concentration neither oxalic acid nor sodium oxalate were able to change atrial contractility (data not shown), suggesting that such agents cannot be the main depressant compounds present in the carambola leaf extracts.
The present study, which was carried out in the left and right guinea pig atria, demonstrated that the A. carambola AEx is an agent that strongly depresses the heart rate and the myocardial contractile force. Although the active compound has not been identified, its action on the L-type Ca 2+ channels is important to explain the mechanism of action of this plant on the mammalian atrial myocardium.
